Because zooplankton are the prey for fish and other aquatic animals, they play an important role in aquatic ecosystems.
B. Collection methods and sample preparation
Qualitative sample collection: a #25 plankton net was used to collect protozoa and rotifers, and a #13 plankton net was used to collect cladocerans and copepods. Quantitative sample collection: the same collection method was used for protozoa, rotifers and phytoplankton. To collect cladocerans and copepods, a 5-L Plexiglass water collector was used to obtain 10-L water samples at five depths: surface (0.5 m below the water surface), SD, 2 SD, 3 SD and bottom (0.5 m from the water bottom). The water samples were filtered through a #25 plankton net, and the quantitative biota sample was stored and preserved in bottles that contained 3-5%
formaldehyde. The samples for live examination were stored in a 500-ml beaker. The samples were taken to the lab for species identification and quantitative analysis, and the densities (cells· L -1 ) and biomasses (mg· L -1 ) [10] [11] [12] [13] were recorded.
C. Hydrochemical factor analysis
The determinations of COD, DO and TN were performed as previously described [14] . TP was determined using sulfuric acid nitrolysis.
D. Data analysis
The calculation of the zooplankton diversity index was performed using the Simpson diversity index (d) and the Shannon-Wiener diversity index (H) [15] :
where S is the number of species in the sample, n i is the number or density of the ith organism in the sample and N is the total number or total density of the organisms in the sample.
We used SPSS13.0 and CCA software programs for the data analysis. Unless otherwise noted, the experimental data that were analyzed represent the arithmetic averages of the measured values from the corresponding reservoirs.
Ⅲ. RESULTS

A. Zooplankton species composition
A total of 147 zooplankton species were identified from the four reservoirs; they represented 11 orders, 44 families and 87 genera. Forty-seven species (32.0%) were protozoans, 43 (29.3%) were rotifers, 35 (23.8%) were cladocerans and 22 (14.9%) were copepods. Therefore, protozoa and rotifers dominated the species composition. Ninety species were collected from the Jinshahe, 61 from the Daoguanhe, 76 from the Xujiahe and 73 from the Taoyuanhe. Fifteen species were found in all four reservoirs as follows: six protozoan species (40% of species common to all four reservoirs), four rotifer species (26.7%), three cladoceran species (20.0%) and two copepod species (13.3%).
B. Zooplankton density and biomass
1) Density and biomass by reservoir
The zooplankton densities in the four reservoirs decreased in the following order: Daoguanhe > Xujiahe > Taoyuanhe > Jinshahe. Biomass exhibited a different pattern; it declined in the following order: Xujiahe > Daoguanhe > Taoyuanhe > Jinshahe. The zooplankton biomass in each reservoir and at each sampling site is shown in Table 1 .
2) Spatial and temporal variation in density and biomass
The zooplankton biomass was significantly lower at depths of 3 SD or greater than at the surface, SD and 2 SD layers. Zooplankton biomass varied among the surface, SD and 2 SD layers. Upstream, the surface layer had the highest biomass, whereas at the mid-and downstream sites, the SD layer or the 2 SD layer (depending on the reservoir) displayed the highest biomass. This variation among the sites may reflect biases in the sampling times; the sampling began in the upstream section and ended downstream. Although zooplankton exhibit phototaxis, they gather at subsurface depths under high light levels.
Zooplankton density decreased within the JinshaHe in the following order: midstream > upstream > downstream; in the remaining three reservoirs, density decreased from upstream to downstream. In all of the reservoirs, biomass also decreased from upstream to downstream. Zooplankton density declined seasonally in the following order: spring > summer > fall > winter. Table 1 presents the density and biomass data by date and site. 
C. Composition of the dominant zooplankton species
Dominant species were identified from the zooplankton density data [11] . As expected from the differences in geography and trophic structure among sampling locations, the dominant species also varied across locations; no single dominant species was common to all four reservoirs. Twelve dominant species were identified in the Jinshahe; they accounted for 13.3% of the total species in the reservoir.
Eleven dominant species were identified in the Daoguanhe (18.0% of the total species). In the Xujiahe, 10 dominant species were identified (13.2% of the total species). Eleven dominant species were identified in the Taoyuanhe (15.1% of the total species). Ⅳ. DISCUSSIN
D. Zooplankton diversity
A. Influence of zooplankton on nutrient levels
Zooplankton abundance is limited by nutrient availability.
In general, increased nutrient levels and primary productivity lead to increases in zooplankton abundance [16] . In the present study, we observed positive correlations between nutrient levels and zooplankton abundance. In the Jinshahe reservoir, which contained moderate nutrient levels, the density and biomass of zooplankton were 0.883 ind/L and [19] showed that the species diversities of copepods and rotifers responded differently to water nutrient levels; when the levels changed from nutrient-moderate to nutrient-rich, the species diversity decreased (i.e., nutrient enrichment decreased zooplankton diversity). Because contamination-resistant species in nutrient-rich water can become dominant, the growth of other species can be inhibited, which can decrease diversity.
However, many researchers warn against using the zooplankton diversity index as a measure of water quality and have indicated the drawbacks of using the Shannon-Wiener (H) and Simpson (d) indices to calculate zooplankton diversity [20] [21] [22] . Brachionus calyciflorus, Asplanchna brightwelli, Mesocyclops leuckarti and other species were widely distributed in the nutrient-rich Daoguanhe reservoir and became the dominant species, which suggests that they may possibly be used as contamination indicator species.
B. Effects of zooplankton and nutrient levels on phytoplankton biomass
Zooplankton influence the phytoplankton community structure in two main ways: by foraging on phytoplankton and by altering nutrient circulation [23] . Zooplankton forage on phytoplankton selectively according to factors such as phytoplankton particle size and cell abundance. The proportion of inedible algae in the community can affect the extent to which zooplankton alter phytoplankton community structure [24] . Zooplankton impose several indirect effects on phytoplankton. One such effect arises through feeding on phytoplankton because this activity reduces competition among phytoplankton (fewer phytoplankton species persist).
Another effect involves the secretions and waste products of zooplankton, which regenerate nutrients. Nutritional masses that are released by zooplankton form nutrient blocks in the water column [25] , and they then increase phytoplankton diversity by increasing spatial heterogeneity. With respect to density, our data suggest that zooplankton inhibit This finding suggests that only a portion of the algae in the phytoplankton (primarily micro-algae) can be exploited by zooplankton. Songbo Wang (2008) [17] proposed that changes in the micro-phytoplankton biomass were likely important in decreasing the efficiency of energy transfer. Nutrients are the physical basis for zooplankton survival and reproduction.
Based on Liebig's Law of the Minimum, nitrogen and phosphorus are the major limiting factors in phytoplankton growth. However, in some cases, differences in the proportions and ratios of nutrients that are absorbed by phytoplankton can inhibit phytoplankton growth. Suttle and Harrison (1987) [27] argued that nitrogen limitation was often associated with eutrophication. In general, as water nutrient levels increase, phytoplankton biomass also increases.
Zooplankton can also be limited by nutrients. In all four of the reservoirs that we investigated, we found a tendency for the zooplankton and phytoplankton biomasses to increase with the water nutrient levels.
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